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Method of producing muitiple-wall, composite tubular structures.

@ Inthe method of producing a double-wall composite tube
by the steps of 1) applying heat to an outer tube (2), and 2)
applying expanding pressure to an inner tube (3) inserted
into the outer tube {2) so that the inner tube (3) expands in
diameter into tight contact with the outer tube, at least one
of the steps 1) and 2} is carried out with respect to a local
zone of the tubes 2) and 3) which travels progressively from
one end to the other of the tubes thereby to cause the outer
tube (3) to sucessively expand locally in the travelling local
zone and the inner tube (2) to undergo deformation in ex-
pansion to fit tightly against the outer tube (2), and the ex-
panding pressure acting on the inner tube (3) is thereafter
removed, the two tubes being left to attain the ambient tem-
perature, whereby a tight interference fit is obtained there-
between. Radially-inward constrictive pressure is applied to
the outer surface of the outer tube (2) which has been heated
in said travelling local zone a die (32) which encircles the
outer tube (2) and travels progressively from one end to the
other end of the outer tube. Expansion pressure is applied
to the inner tube {3) mechanically by mandre! (17a) which is
drawn forcibly through the inner tube (3} from one end to
the other end.
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This invention relates generally to the production
of composite metal tubes having laminated multiple walls
and used for piping in chemical and other plants, as
oil and gas well tubings, for oil and gas pipelines, and
like pipes. .

Among the multiple-wall composite tubes of the
character referred to above and known heretofore for
transporting fluids such as those containing corrosive
substances, there are double-wall pipes in each of which
the inner pipe or liner tube is made of a corrosion-
resistant material for effective conducting of corrosive
fluid, while the outer pipe is designed to provide
strength to withstand internal pressures and external
forces. For example, there is a double-wall pipe com-
prising a stainless~steel inner pipe and a carbon-steel
outer pipe in which the inner pipe is fitted.

Among the known methods of producing such composite
pipes; the shrink-fit method and other tube heating and
expanding methods have been developed., In these methods,
in general, the inner pipe is inserted into the outer
pipe and expanded while the outer pipe is heated, the outer
pipe thereafter being cooled and shrunk thereby to obtain
a tight or interference fit between the two pipes.

In a known tube heating and expanding method, (EP-A-00 15 712)
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a considerably large-scale heating device comprising
2 large number of heating elements or the like must
be provided on the outer side of the outer tube,
whereby the reéﬁired'eqﬁipment becomes disadvantageocus-
ly large ahéﬁéxpensive. Another difficulty arises in
the case of tubes of long length in that the weight of
the apparatﬁs and equiﬁment becomes great, whereby the
operation anﬂ-naintenance thereof become troublesome.

Siill éﬁoiher problem encountered in the prior art
is the gessiﬁility of cracking, implosion, and the like
occurring'inwﬁnliiple-éall composite tubes during use
becaunse of iﬁéuffiﬁieﬁt degree of interference fit
between the constituent tubes.

Furthermore, there hés been a lack in the prior
art of an efficient, accurate, ané economical apparatus
for preégcihg muitiple-wail composite walls of excellent
characteristics as are afforded by the method of this
invention. :

It is aﬁ object of this invention to provide a
methodrofléroéuéing muliiple-wall, composite tubular
structures intwhiéhvmethod the above described difficul-
ties encountefed in the practice of the prior art are
overcome. | |

According to this invention, briefly summarised,

there is ptovided a wethod of producing multiple-wall
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composite tubes, wherein an inner tube is inserted
into an outer tube, and radially-outward expansion pressure
is applied to the inner tube so0 as to expand the same
plastically into tight contact with the outer tube, and
wherein heat is applied from the outside to the outer tube
by heating means so as to establish a locally heated zone
of the outer tube substantially around the circumference
thereof, the locally heated zone being caused to travel
from one end to the other end of the outer tube, and tubes
are thereafter permitted to obtain ambient temperature,
characterized in that radially-inward constrictive pressure
is applied to the outer surface of the outer tube which
has been heated in said travelling local zone and
successively expanded in diameter in said zone, said
constrictive pressure being applied by a die which encircles
the outer surface of the outer tube and travels progres-
sively from one end to the other end of the outer tube,
following said travelling local zone, to cause the outer
tube to undergo plastic deformation in radial constriction,
and that the radially-outward expansion pressure is applied
to the inner tube mechanically by a mandrel which is drawn
forcibly through the inner tube from one end to the other
end of the same in substantially the same transverse
plane as said die and which causes the inner tube to fit
tightly against the outer tube backed up by said die.

Thé nature, utility, #nd further features of this
invention will be more clearly apparent from the follow-
ing detailed description with respect to preferred
embodiments of the invention when read in conjunction

with the accompanying drawings, in which:
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FIGS. 1 and 2 are side views respectively indicating
modes of practice of the method of the invention, in each
of which a die is used in conjunction with a mandrel.

In an ewbodiment of this invention as illus-
trated in FIGS. 1 and 2, a die 32 for acting on the
outer surface of an outer tube 2 is used'in addition to
a mandrel 17a for operating cooperatively therewith, 1In
the example shown in FIG..,1, an inner tube 3 is closed
at its two ends, filled with cooling water aﬂd caused to
shrink in diameter, and inserted into an outer tube 2 of
large diameter at atmospheric temperature thereby to form
tentatively a composite tube, and the gooling water is
then drained out of the inner tube 3.

Then, into one end of the inner tube 3 in the com-
posite tube lg.prepared in this manner, a mandrel 17a of
a diameter greafer by a specific amount than the inner
diameter of the inner tube 3 is forcibly inserted. At
‘the same time, a die 32 is forcibly pressed onto the
ocuter tube 2. The mandrel 17a is fixed by way of a
connecting rod 16a to a stationary frame part 25,
while the die 32 is fixed to a stationary frame part 25

by way of a bracket 33.
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In front of the die 32, an annular induction heat~-
ing device 11 connected to a control device 34 is
installed to encircle the outer tube 2. At the same
time, a cooling device 30 supplied with cooling water
from a cooling water source 20 by way of a pump'31 is
provided behind the die 32 to encircle the outer tube
2.

Furthermore, a seal clamp device 26, 26a is attached
to the rear end of the tubes and is coupled to a drawing
device 28 such as a pinion-and-rack mechanism. Tap
water 23b is supplied from a tap water source 20b through
a flexible conduit 21b and a seal cap l18a, through which
the above mentioned rod l6a is passed in a sealing state,
to £ill the interior of the inner tube 3, which is there-
by cooled.

The mandrel 17a is provided with through passage
holes 29 for free passage of the tap water from the front
side to the rear side of the mandrel within the inner
tube 3.

Then, when the drawing device 28 is operated to draw
the composite tube la toward the right as viewed in FIG.

1, the inner tube 2 at its region acted upon by the



o —

[ rqes (&} g4
[

£ 110102410

. . ¢

L4 ]

¢ Q¢ ot
« ¢ ¢ '
] ]

-a na

L]
L4

mandrel 17a is mechanically expanded by it, since the
mandrel and the die 32 are fixed in position, and yields
to undergo plastic deformation along a stress-strain
curve. On the other hand, the outer tube 2, which has
been heated and expanded in diameter by the heating device
11 in front of the die 32, is subjected to a mechanical
confining force by the die and is integrally fitted onto
the inner tube 3. The outer tube 2 is then immediately
cooled and shrunk by the cooling water from the cooling
device 30, while the inner tube 2 is relieved of the ex-
panding force and, in a tightly fitted state with the outer
tube 2, is drawn rearward.

By this operation wherein the composite tube la is drawn
in this manner as it is heated, worked mechanically, and
cocled, a tightly joined double-wall tube 1 is finally obtain-
ed. After the entire composite tube has been thus processed,
the seal cap 18a is removed to discharge the water 23b out
of the composite tube 1, which is then drawn away from the
mandrel 17a and the die 32. By being removed from the seal
‘clamp device 26, 26a the composite.tube is exposed to the
atmosphere, and the outer tube is cooled to the atmospheric
temperature, whereby its shrinking in djameter is promoted.
On the other hand, the inner tube 3 is no longer cooled by
the water 23b, and its temperature therefore rises to the
atmospheric lemperature, whereby its increase in diameter is
promoted. As a result of these two additive effects, an

even greater interference fit is obtained, and a double-wall
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tube of tubes in a strongly joined state is finally
produced.

In the above described example, the double-wall
composite tube is produced by drawing the tube past the
mandrel, die, and heating and cooling devices. In a modi-
fication of this mode of practice, as shown in FIG. 2,
the heating device 11, the mandrel 17a, the die 32, and
the cooling device 30 are coupled by way of rods 16b to a
forward drawing device 28a, while the composite tube la
sealed at its ends by seal caps 18a and 18b and filled with
water 23b is fixed to a stationary frame part 25 by a clamp
device 26b. Thus, the die 32 and the mandrel l7a, as well
as the heating device 11 and the cooling device 30, are caus-
ed to travel relative to the composite tube la. The opera-
tional effectiveness of this arrangement is substantially
the same as that of the preceding example.

It will be apparent that various modifications of the
above described two examples are possible within the scope
of this invention. For example, the entire front part
of the outer tube may be heated; the heating device may
be of the steam heated type; and the cooling water within
the inner tube may be forced-fed cooling water.

According to the above described modes of practice
of the invention as illustrated in FIGS. 1 and 2, the
inner tube inserted into the outer tube by a measure such
as cooling is filled with cooling water, and a mandrel is
placed in contact in a tube expanding state against

the inner surface of the inner tube, while a die is placed
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in a confining or squeezing state against the outer

surface of the outer tube, whereby fundamentally, the

inner tube is mechanically expanded while the outer

tube is mechanically constricted. As a result, the

two effects have an additive effect of producing an
1nteiference fit between the inner and outer tubes as

they are moved relative to the mandrel and the die.

Purthermore, since the inner tube is cocled, and
the outer tube before passing by the die is heated and
expanded, the outer tube at the time of passing by
the mandrel and die is forcibly shrunk prior to the
cooling and shrinking after this passing by and is
tightly fitted against the inner tube of expanded dia-
meter. The outer tube is thus subjected to the three
shrinking steps of constriction by the die, forcible
cooling and shrinking, and shrinking due to matural cool-
ing. Thése effects combined with the increase in diameter
of the inner tube due to natural temperature rise after
plastic deformation thereof result in a very strong
interference fit between the tubes.

Another advantageous feature of this mode of
practice of the iavention is that, sincg i£ is necessary
to heat only one portion of the outer tube during the
production of long lengths of the composite tube, the
heating means and measure are relatively simple. More-
over, tap water is sufficient for cooling the inner

tube. Accordingly, the simple apparatus suffices, and
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the production costs can be kept low. The invention
can alsgo be applied to the production of composite tubes
formed from more than two tubes.
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Claims:

1. A mefhod of producing multiple-wall composite
tubes, wherein an inner tube (3) is inserted into an outer
tube (2), and radially-outward expansion pressure is applied
to the inner tube (3) so as to expand the same plastically

~into tight contact with the outer tube (2), and wherein
heat is applied from the outside to the outer tube (2) by
heating means (l11) so as to establish a locally heated 2zone
of the outer tube substantially around the circumference
thereof, the locally heated zone being caused to travel from
one end to the other end of the outer tube (2), and tubes
are thereafter permitted to obtain ambient temperature,

characterized in that radially-inward constrictive

pressure is applied to the outer surface of the outer tube
(2) which has been heated in said travelling local zone and
successively expanded in diameter in said zone, said con-
strictive pressure being applied by a die (32) which encircles
the outer surface of the outer tube (2) and travels progres-
sively from one end to tﬂé other end of the outer tube,
following said travellinc local zone, to cause the outer
tube to undergo plastic deformation in radial constriction,
and that the radially-outward expansion pressure is applied
to the inner tube (3) mechanically by a mandrel (17a) which
is drawn forcibly through the inner tube (3) from one end to

the other end of the same in subgtantially the same transverse
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plane as said die (32) and which causes £he inner tube (3)
to fit tightly against the outer tube (2) backed up by said
die (32). '

2. A method of producing multiple-wall composite
tubes according to claim 1, wherein the heating means (11),
the die (32) and mandrel (l7a) are stationary, and the outer
and inner tubes (2, 3) are moved relative to said stationary
members.

3. A method of producing multiple-wall composite
tubes according to claim 1, wherein the outer and inner
tubes (2, 3) are stationary, and the heating means (11},
the die (32) and the mandrel (17a) are moved relative to
the outer and inner tubes.

4. A method of producing multiple-wall composite
tubes according to claim 1, wherein the outer tube (2) is
cooled after the outer tube has been applied with the
radially-inward constrictive pressure by said die (32),
the outer tube (2) being cooled in a second local zone
traveling in synchronism with the mandrel (17a).

5. _ A method of producing multiple—yall composite
tubes according to claiﬁ 4, wherein the second local zone
is produced by liquid at low temperature supplied onto the
outer surface of the outer tube (2) from cooling means (30)
encircling the outer tube at a position rear to the die (32)
with respect to the direction of relative travel thereof.

6. A method of producing multiple-wall composite

tubes according to claim 1, wherein the inner tube is cooled.
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7. A method of producing multiple-wall composite
tupes according to claim 6, wherein the inner tube (3) is

coocled by supplying liguid at low temperature into the
inner tube.
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